The measured charged particle multiplicity distribution in the forward rapidity region of the p−p collisions at √ s = 0.9 TeV, 7 TeV and 8 TeV at the LHC have been described using the Weibull distribution function. The higher order (up to 5 th order ) normalized moments and the factorial moments are also calculated using the extracted parameters. The multiplicity distributions in forward region are observed to be well described by the Weibull regularity and the higher order moment calculations confirm the violation of KNO scaling that has been observed at mid-rapidity and lower energies. The Weibull parameters and moments for p−p collisions at √ s = 13 TeV are also estimated for the forward region.
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I. INTRODUCTION
Recently, the ALICE (A Large ion collider Experiment) experiment at LHC (Large Hadron Collider) has measured the charged particle multiplicity distribution in wider pseudo-rapidity ranges for different event classes, INEL(inelastic events), INEL > 0 (same as INEL with the presence of at least one charged particle for |η| < 1.0 and NSD (non-singly diffractive events) [1] . This particular measurement allowed extending the previous measurements of other LHC experiments to a wider η coverage enabling to reach higher multiplicity and kinematic phase space together with previous measurement by CMS [2] , ALICE [3] , and LHCb [4] . The forward region is also relevant in view of being sensitive to interesting low Bjorken-x dynamics and multi-particle interactions [5] .
The charged particle multiplicity distribution in full phase space for p−p collisions are influenced by the global conservation laws (namely energy-momentum, charge etc). However, the distributions in restricted phase space are less influenced by the global constraints and are sensitive to the dynamics of particle production and local fluctuations [6, 7] . The predictions of several QCD-inspired Monte Carlo event generators such as PYTHIA [8] , PHOJET [9] etc. were used to compare the data. It was found that these models underestimated the data [1] [2] [3] [4] . Therefore, it becomes relevant to study the distributions in different event classes and varied phase space intervals to allow constraining the existing Monte-Carlo model parameters and understand the underlying * ranjit@phy.iitb.ac.in † sadhana@phy.iitb.ac.in dynamics of multi-particle production. The multiplicity distribution at LHC energies are observed to deviate from Poissonian shape and thus signals toward the existence of correlations [10, 11] . These multi-particle correlations can be studied through the normalized moments and factorial moments of the distribution. The study of moments is also sensitive to the KNO (Koba, Nielsen and Olesen) scaling i.e the energy independence of moments of various orders would imply the observance of KNO scaling [12] . In this work, Weibull distribution [13, 14] has been used to describe the multiplicity distribution of charged particles in pp collisions at √ s = 0.9 TeV, 7 TeV and 8 TeV as measured by ALICE experiment in wider η intervals (forward region) for different event classes. The study was extended to calculate the higher moments to confirm the violation of KNO scaling as reported in previous measurements for central rapidity regions [2, 3, 15] .
II. MOMENTS OF WEIBULL DISTRIBUTION
The probability density distribution of Weibull for a continuous random variable x is given by-
where k is the shape parameter and λ is the scale parameter of the distribution. The n th raw moment is given by:
The mean of the distribution, i.e. m 1 is denoted by x and is given by,
The n th factorial moment of a variable x is defined as:
The n th normalized moment C n and normalized factorial moments F n are defined as:
The first few normalized moments and factorial moments can be found at [15] .
III. ANALYSIS AND RESULTS
The present work is based on the analysis of the ALICE experiment which has measured the charged particle multiplicity distribution over a wide η interval(-3.4< η <5.0) in p−p collisions at √ s = 0.9, 7, and 8 TeV at the LHC [1] . The measurement was done for three classes of events. The first class consisted of all inelastic collisions(IN EL) while the second class known as IN EL > 0 selects the same events as the first one with an additional requirement of at least one track in the region |η| < 1.0. The third class is the nonsingle diffractive (N SD) class where the number of single-diffractive events were greatly reduced by requiring the detection of charged particles in both the odometers. The extension in η coverage also enabled the measurement to reach higher multiplicity and a different phase space when compared to previous results published by ALICE [3] . The present analysis only considers two different event classes namely the N SD and IN EL > 0.The multiplicity distributions in two different event classes are fitted with Weibull distribution for five different η intervals i.e |η| < 2.0, |η| < 2.4, |η| < 3.0, |η| < 3.4 and -3.4< η <5.0. Figure 1 shows the multiplicity distributions fitted with Weibull function for 0.9 TeV, 7 TeV, and 8 TeV, respectively. The first few bins are excluded from the fits as there is an increase in the number of events due to diffractive events. The Weibull distribution seems to describe the data quite well. Table I gives the details of the fitting parameters and the quality of fit. This is in agreement with the previous results where the fit described the data well for central rapidity [13] . The variation of λ and k as a function of beam energy is shown for the studied η intervals in Figure 2 . One can observe that the values of λ increase with beam energy as well as with the width of η interval. The k values slightly decrease with an increase of collision energy while it shows an increasing trend with an increase in width of η interval. The trend of both λ and k with beam energy over all η intervals is similar to previous observations [13] [14] [15] .
The normalized raw moments and the factorial moments (up to fifth order) have also been calculated using the extracted parameters using the equation 5. Fig 3 shows F 3 ) shows a small increase with increasing energy. However, C 4 (and F 4 ) and C 5 (and F 5 ) show an increase with increasing energy, which becomes stronger for larger η intervals. This is observed in both the event classes and signals towards the violation of KNO scaling in wider η intervals. The observation is in agreement with the previous experimental results. The values of k and λ for p−p collisions at 13 TeV are extrapolated from the parametrization of the variation of the parameters as shown in Fig 2. The estimated values of normalized moments and factorial moments for different η ranges are listed in Table II . The predictions are important for future experimental measurements of multiplicity distribution and its moments in the forward region for p−p collisions at √ s = 13 TeV.
IV. CONCLUSION
The charged-particle multiplicity in forward rapidity as measured by ALICE experiment for √ s = 0.9 TeV, 7 TeV, and 8 TeV is well described by the two parameter Weibull distribution. The extracted fitting parameters were used to calculate the normalized moments and the factorial moments (up to 5th order) of the distribution for various η intervals. The model predictions of the higher moments indicate towards a strong violation of KNO scaling in the forward region in the two considered event classes. This observation is in agreement with the previous measurement at central rapidity. 
